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INFRARED DETECTION OF CONCRETE DETERIORATION
by
R.H. Arnold, N.L. Furr, and _1.W. Rouse, Jr.
I. INT^ODUCTION
Concrete deterioration or -eadways and bridges
poses a major problem to highway safe,;y and maintenance.
Means of detecting the rate and type of deterioration have
been un A er investigation with increasing emphasis in re-
cent years. Acoustic techniques have shown promise in this
area, but a method of performing the evaluation rapidly
over large areas is needed.
The recent emphasis on remote sensing technology
research especially in connection with the NASA Earth Re-
sources Program, has encouraged experimentation with sensors
offer a wide range of the frequency spectrum. This report
summarizes results of a prelimirary experiment to ascertain
the feasibility of determining concrete deterioration by
measuring thermal emissivity in the 2 to S micron region of the
infrared spectrum. The experiment has a very limilted scope
due to its fundamental exploratory nature. This effort
constitutes an initial phase of an ongoing research program
conducted by the Texas Transportation Institute and the Re-
mote Sensing Center, Texas A & M University.
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II .	 BASIS
The experiment is based on the premise that
the surface eir.issivity of a concrete structure is a function
of its internal homogeneity. Emissivity is proportional
to the rate of heat energy exchange at the surface-air
interface. This energy flow is a function of the sub-sur-
face character of the structure.
Faults, such as delaminations, alter the normal
heat flow within the structure and conceivably will affect
the surface emissivity in the regio;, of the fault. Surface
scaling and vertical cracking influence surface emissivity
but these are surface effects and are easily detected by eye.
Delamination, on the other hand, is generally hidden and
is more difficult to detect.
It is believed that during heat transfer to the
structure, delaminated areas will rise in temperature more
rapidly than the homogeneous areas surrounding the fault.
During heat transfer from the structure, the delaminated
region should cool more rapidly. Since both faulty and
solid regions have equal initial and final steady-state
temperatures, the detection of the existence of a delaminat-
ed area, if possible, is closely related to some unknown
time perioj within the interval during which heat exchange
occurs. Determining the feasibility of infrared detection
of concrete delaminations was the fundamental basis of this
preliminary work.
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III. CONCRFTE DETERIORATION
Concrete is generally a very durable construction
material, and it serves well under severe service through a
wide range of atmospheric conditions. It is destructable,
however, and conditions of construction, service, and atmo-
spheric extremes sometimes combine to cause its deterioration.
Exposed concrete such as that in highway and airport pave-
ments and bridge decks accountsfor the major portion of the
deterioration. This investigation is directed toward de-
tecting deterioration in concrete used in such structures,
A major deterioration type is surface scaling and
it is caused by a gradual erosion of surface material. Gen-
erally such a condition is brought about by freeze-thaw
action, the use of de-icing chemicals during freezing weath-
er, and improperly designed concrete mixes. This type of
deterioration is easily detected by eye without the aid of
elaborate aids, and it is not treated further here.
Vertical cracking begins at the surface and works
inward. The depth of such cracks varies from very shallow
to completely through the depth of the slab. They are caused
by shrinkage d 1 :ring curing of the concrete, contraction due
to thermal changes, stresses from service loads.or combinations
of these. Most of these cr. -ks are very narrow. Vertical
cracks provide access for contaminants to enter the interior
of the concrete. They are usually visible to the eye and
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generally require no detection equipment.
Interior cracking along planes more or less parallel
to the surface of the structure delamination, Gre usually not
visible, and detection is sometimes difficult. Tt is this type
of deterioration which is of primary interest in this investi-
gation.
IV. TEST SPECIMENS
Seven portland cement concrete specimens were
used in the experiment. They were set up in an unshaded
area, and the experiments were made in June during warm
weather. The samples exhibited both vertical and horizontal
fractures or simulated fractures in accordance with the oh-
jectives of the experiment. Samp'es featuring controlled
horizontal striations at varying depths were included in the
data sample. They are described in detail below.
Specimen T , (Fig. la), is a 7 inch thick struct-
ural lightweight concrete slab approximately 3 feet square and
is elevated 2 feet 9 inches above the ground. The slab is in
sound condition and has a smooth surface texture. The top
surface is divided into 4 square areas approximately 18 inches
on a side, three areas having concrete overlays and the fourth
area, area A, in the original condition. Area B has a 1 5/8
inch thick, rough surface, bonded overlay. Area C has a 1 S/8
inch thick, rough surface, unbonded overlay, and Area D has a
3/4 inch thick, rough surface, unbonded overlay. A layer of
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f	
-	
__ .
	
'V
5
polyethylene plastic separates the C and P overlays from the
slab. The overlays are separated by one inch spacings, are
subject to ambient air temperature at al' edges, and are of
normal weight concrete.
Specimen II, (Fig. 2a), is a three foot square
area of a 10 foot wide octagonal slab, 7 inches thick. It
is lightweight concrete, 4 years old, and was tested to
failure in another program. This octagonal slab has cracks,
almost parallel to the plane of the slab, at varying depths
at the center and extending to about two feet from the center.
The slab was elevated above the ground approximately 28
inches and contains 5/8 inch diameter steel reinforcing bars,
approximately 5 inches apart and 3/4 inch below the surface.
Specimen II is an outer portion of the :lab, consisting
of both sound and fractured portions. The surface was the
bottom of the slab when cast and has a smooth texture over
the sound portion.
Specimen II, (Fig. 3a), is another sf- Ction of
the lightweight slab containing Specimen II. This specimen is
a three foot square area with overlays designed and arranged
as Specimen I. The overlays are of the same type of concrete
as the slab. This section was chosen such that areas A, B, C,
and n have equal parts of sound and delaminated under-structure.
The slab surface has a smooth texture with only slight oc-
casional cracks. The overlays, as in Specimen 1, have a rough
loom...y......tea.	 .. ^..	 q	 ^^"	 r
6surface "exture and are separated by one inch spacings.
Specimen IV, (Fig. 4a), is a three foot square
area of a concrete pavement. This 2S year old }p avement of
normal weight concrete has a rough surface texture. The
entire pavement surface i^; sound. The specimen has four
areas with the three types of over p ays of the same de--ign
and type as Specimen I.
Specimen V (Fig. Sa), is another section of the
octagonal slab. It contains several exposed reinforcing
bars due to concrete separation and removal. The dark area
in the center of the photo shows exposed aggregate and slopes
from the surface to the bars; this exemplifies spalling. The
surface area surrounding the niche (spalled area) contains
solid and subsurface delaminated portions.
Specimen VI, (Fig. 6a), is a round lightweight
slab of the same type as the octagonal slab. iL contains
areas of sound and delaminated concrete and is used only as
an additional specimen for support data.
Specimen VII, (Fig. 7a) , is a square, 1 ightweig lt
slab of the ssme type as the octagonal slab. The center is
delaminated and the edges are .solid. The exposed aggregate is
sound. The ends of four vertical bars at the center of the
slab appear as a square array of dot;, figure 7b. This speci-
men is used for additional support data.
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Figure I. AGA Thermo-
vision is built up of two
bask units camera unit
and' display unit.
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plane mirror, t'ne rotating sili-
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detector.
F —
	
Vertica! sync. signal
Jim
i
_. ool  ^,.-,r.	 _ .r ►- -	 Lam.'. _+w^.-
7V. SET UP FOR RECORDING DATA
With the sampler arranged in close proximity,
a lift truck was used to elevate the recording equipment
1.7 feet above the g,ound. The viewing angle for specimens
I and IV was 40° from the nadir. and for specimen II and III,
38°; for specimen V, 33°, and for specimen Vi, 25°.
The field of view of the scanner is limited to
5° by S°. Therefore, only about one-half the area of speci-
mens I through V were visible at each position. All but
the outlying portions of specimen VII was visible. Various
specimen portions were scanned to completely observe the
infrarer' differences.
VI. 'INFRARED C 4ERA
The infrared scanner employed in this experiment
was developed and manufactured by the Swedish Company AGA AK.
The infrared detector used in the AGA'11hermov:sion is an indium
antimonide detector (InSb), with the typical time constant of
one microsecond. The picture frequency of this instrument is
16 frames per second. The equipment consists of a camera
unit and a display unit. The infrared radiation from the
object is collected by a spherical mirror that focuses the
radiation via a secondary mirror onto the detector. The
horizontal scanning is performed by an 8-sided silicon prism
	 '
rotating at 200 revolutions per second. The scanning function
of the prism yields 1600 lines per second or 100 lines per
	 A
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frame. Vertical scanning is performed by means of a linear
tilting motion of a secondary mirror. Mirror oscillation
frequency is 16 tlz corresponding to the image rate of 16
frames per second. The temperature resolution of the system
is approximately 0.2°C at room temperature and the spat,lal
resolution is approximately 100 elements per line. The camera
field of view is S° by S° and the focusing range is between
2.4 meters and infinity.
The video signal from the infrared detector is
used to intensity modulate a raster on a cathode-ray tube.
This display is termed a thermograph. Relative temperature
differenzes appear as gray tone variations on a thermograph.
Provisions are available for preselecting -the range of
temperatures to be displayed on the CRT. Such displays con-
sititute isotherm pictures.
VII. DATA RECORDING
In order to determine optimal conditions for thermal
detection of solid and delaminated concrete, infrared studies
were made under a variety of conditions including various times
of day.
Preliminary data for the specimen.- was taken on
June 4, 1969 from 2:00 to 4:00 p.m. The previous three days
had been rainy or overcast and damp. The fourth of June was
heavily overcast with occasional sunshine on the specimen.
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Various isotherms and thermograms of each specimen, were made to
determine which provided the most useful information. :'herm-
ograms provided mare meaningful data. A sc,iedule of morning
and evening exam 4 nat.ions of the concrete was devised to study
the periods of heat transfer.
The initial experiment was performed during a
hour and 20 minute period beginning at 7:4S p.m. on June S.
The day had been hot, dry, and clear. A surface temperature
the rmometer was used to obtain air and concrete temperatures.
Contact thermisters and thermomet,^rs were preferable, but
were unavailable at the time of the tests. Twenty-five in-
feared photographs of specimens I through V were m •ide. Equip-
ment adjustment for darkness level, relative temperature
level, and intensity were made to acquire good images.
At S:45 a.m. on June 6 the second stage of th,;
experiment began. Infrared photographs of various sections
were ^'lade of each specimen. Morning sunlight reached speci-
men III at 7 a.m., specimen VI at 7:10 a.m., specimen I at
7:22 a.m., and specimen II at 7:26 a.m. 	 As the sunlight on
each specimen increased, differentiation between areas be-
came more difficult due to radiation se=tter from the speci-
_ens. Forty-five photographs were taken; eleven after 8:00
a.m. This phase ended at 9:30 a.m.
The final stage of the experiment began at 8:00 p.m.,
the evening of June 6. The day had again been hot and clear.
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Photographs of selected specimens were taken under induced
conditons. Hater was applied to the surface of the specimens
in a mopping action for about ten seconds. The excess eater
was brushed away. After two minutes another infrared photo-
graph of the specimen was taken. Very good results were ob-
tained from specimen H. Several other photographs were made
of other areas. The experiment ended at 10:00 p.m.
VIII. DATA RESULTS
Plate I - Plates la and lb contain tuts results of specimen I.
Photos lb, lc, and Id are morning shots depicting area C
as the coolest and A as the warmest, with B and D equivalent
in lb and slightly different at Id. Relative temperature levels
(RTL) are equal to ten degrees while the darkness levels (DL)
vary. Photo le is the same thermogram (TG) as if except for an
isotherm (IT) superimposed upon it. The concrete temperature
is 80°F with the air temperature 75°F. Area B is about fnur
degrees (4°F) warmer than area D. This difference b-gan to
appear 1 1/2 hours after sunset. The unbonded area (D) had
cooled throughout. The bonded area "B) had cooled only on the
edges. Photos lg, lh, and li show temperature differences
between B and D at various periods. Figure lg and lb are an
evening photograph of equal RTL and DL showing that area D
became cool faster than B. Photo li, taken prior to sunrise,
still shows area E warmer than D. Photo lj, (areas A and C)
a	
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shows area A (white) as being warmer two hours after sun-
down. Photos lk and 11 show the TG and IT of the specimen.
Taken on a cloudy afternoon, both lk and 11 show area C as
the warmest. The warm, light portion between the areas is wood
at a higher temperature than most of the concrete.
Plate II - Plate II has test results of specimen II. 	 Several
metal rods were used to outline sections, as seen in the
photos. Photos 2b and 2c, taken on a cloudy afternoon, show
a rod lying on unsound areas having cracked underportions.
The solid areas are very dark, while the delaminated areas
are very white. In photo 2b deep cracks appear as light
gray. Both photos have equivalent PL's and RTL's.
Photo 2d, taken in the evening, depicts a revision
of shades. The rod was used to separate sound and unsound
portions of concrete. At this time, the concrete was giving
off heat, leaving the delaminated areas up to seven degrees
cooler than the solid (RT1.=10, DL's of 2 and 9 respectively).
The solid areas are white and the delaminated areas gray to
dark. Straight white lines running diagonally across the
photos 2d, 2e, and 2f are the steel support bars under the
surface.
Photos 2e, and 2f, evening shots, show delaminated
areas as dark. The area shown in 2e was doused with 77°F water
and allowed to dry for two minutes, after which photo 2f was
ataken. The focus is different for these two shots causing
a darker appearance of the delaminated areas for 2f. .Again
the reinforcing bars can be seen.
Plate III- Plate III has test results of specimen III.	 Photo
3h, taken inthe evening, shows area A as delaminated. Area C
is the coolest area, and area B the warmest. Photo 3c, taken
later in the evening, shows area D as having cooled faster than
area B; D being relatively darker. The DL and RTL, changed
between photos, affected the relative darkness of areas. Pic-
tures 3d, 3e, and 3f area time sequence of morning shots.
Photo 3d taken before sunrise shows the areas from warmest
to coolest as A. B Y D, C. As the sun was rising in 3e, the
areas became indistinguishable.
	
In 3f, the sun's reflection
hampered differentiation of the small temperature differences
of the concrete areas. The latter three photos have equal
RTL's and similar DL's.
Plate IV- Plate IV contains test results of specimen IV.
Pictures 4b, 4c ;
 and 4d, taken in the evening, show area C
as the coolest with a section of A cooler than B and D. Very
little differentiation exists between B and D. Various RTL's
and DL's were used to examine the specimen. Pictures 4e and
4f, taken in the morning, again show area C as the coolest.
Photo 4f has poor resolution due to sunrays scattering off
the surface. Equal RTL's and DL's were used.
IL a• 	 7'	 .-	 ^.
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Plate V - Plate V contains test results of specimen V. Pic-
ture Sb, evening shot, shows the solid concrete (upper-left) as
warmer. A metal rod is in the solid section. The support
rods are very warm while the delaminated concrete (lower-right)
is coolest. The exposed aggregate is slightly cooler than
the solid portion, Figures Sc, Sd, Se, and Sf are a morning
sequence. These show the same delineation as in Sb with
resolution becoming worse as thL sun's rays scatter more
from the surf ace.
Plate VI - Plate VI contains test results of specimens VI
and VII. Figure 6b shows delaminated areas at the cracks as
cooler than the center or outlaying portions of the slab.
Figure 6c shows the same area two minutes after water was
doused on the specimen. A crack now appears at he en`p	 ap  s	 t	 center
surface. With both picutres at equal RTL's and DL's, the
doused slab is seen to be the cooler.
Figure 7b and 7c show a nightime view (10:00 p.m.)
of specimen VII. The delaminated inner portions appear cool,
while the solid outer portions of the slab is warm. The four
iron bars arranged in a square fashion at the center with
their ends at the surface appear to be warmer than the sur-
rounding delaminated concrete. The exposed, solid aggregate
in the lower right hand portion of the pictures appears to
be the warmest area.
1.
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IX. CONCLUSIONS
This experiment constituted a preliminary
feasibility study of the use of thermal nondestructive de-
tection of deteriorated concrete. The test results showed
the existence of thermal emissivity differences related
to certain deterioration conditions. Delaminations were
detectable using an infrared scanner. They were most notic-
able during ambient cooling pericds during heat transfer from
the specimens. The experimental data justifies continued
study and indicates the need for supporting information
such as surface temperatures and radiometric measurements
during the entire heat exchange intervals.
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